Alternatively spliced forms of the alpha subunit of the epithelial sodium channel: distinct sites for amiloride binding and channel pore.
The amiloride-sensitive epithelial sodium channel (ENAC) consists of at least three subunits, alpha, beta, and gamma. Sodium conductance occurs when only the alpha subunit is expressed in Xenopus oocytes, but it is greatly enhanced by coexpression of all three subunits. All three subunits have two transmembrane domains. Whether the amiloride binding site exists in the extracellular portion or a transmembrane domain has not been established. Using reverse transcription-polymerase chain reaction in rat taste tissues, we have identified two alternatively spliced transcripts of ENAC (alpha ENACa and alpha ENACb) with deletions of nucleotides that introduce a premature stop codon and may result in proteins shortened by 199 and 216 amino acids, respectively, at the carboxyl terminus. Genomic Southern blots indicate that a single gene accounts for alpha ENAC and the alternatively spliced variants. Reverse transcription-polymerase chain reaction and RNase protection assays demonstrate that alpha ENACa is expressed to a lesser extent than alpha ENAC in kidney, lung, and taste tissues. alpha ENACa differs from alpha ENAC by a deletion in the second transmembrane domain. Despite this deletion, alpha ENACa expression in transfected human embryonic kidney 293 cells or CV-1 cells augments [3H]phenamil binding. The [3H]phenamil binding of alpha ENACa resembles that of alpha ENAC, being inhibited more potently by phenamil (Kd = 65 nM) than amiloride. Unlike alpha ENAC, expression of alpha ENACa in Xenopus oocytes fails to generate amiloride-sensitive Na+ or Li+ currents. These results suggest that the amiloride binding site resides on the extracellular loop of the alpha subunit of ENAC and not the putative second transmembrane domain, which forms a channel pore. Heterogeneity in alpha ENAC isoforms may contribute to the complexity of multimeric structures and functional variation of ENAC.